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Active control of solidification microstructures: velocity ramp and laser 
micromanipulation 

 
Many extended systems, when put out of equilibrium, exhibit a dynamic morphogenesis 
leading to self-organization of patterns that are generally multistable in size and shape. In a 
system with axial symmetry, the morphological stability of planar periodic structures depends 
on the history of the process and boundary conditions. There is no general morphological 
selection process in most systems, in ideal (unbiased) conditions. However, the theory 
suggests that one can force the system to adopt a uniquely defined configuration under the 
effect of a smooth spatial ramp of a control parameter, if the instability threshold is crossed. 
We want to attempt to produce such an experiment in the field of the formation of directional-
solidification patterns of binary mixtures using a "rotating solidification" setup, in which the 
solidification rate varies linearly along the front. We will use a model liquid-crystal molecule 
(isotropic-nematic transition) which allows a fine approach the threshold of the so-called 
cellular instability, and eutectic mixtures (biphasic structures). In addition, seeking a local 
control of microstructures, we will use a device called "holographic optical tweezers” that 
allows one to focus in real time spatial arrangement of laser microspots on the object of study 
under a microscope. Here, we shall use a side effect, namely heating by partial absorption of 
light by the sample. This perturbative approach gives an unparallelled means for probing the 
spatio- temporal dynamics (phase diffusion, solitary waves) of mono-and multi-phase 
solidification fronts in thin samples. 
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